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1. Introduction
[bookmark: _Hlk54343086]The agreements made in RAN1 #112-bis-e is summarized below.  
	Agreement
· Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported) , 
· Alt. 1: By indicating RS identifier, i.e. mapping between RS identifier and Rel-17 unified TCI state is done by a UE
· Alt. 2: By indicating Rel-17 TCI state index

Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
· FFS: the presence of each field (i.e. always present or configurable)
Agreement
For the beam selection for SSB based L1-RSRP measurement report,
· Beam selection is performed across the L cells from configured (or activated, if introduced) cells, i.e. M beams for each of the L cells 
· FFS: How to select the L cells and M beams per cells is up to UE
· M x L beams are reported in a single report instance
· Max values of M and L are based on UE capability, and at least M x L=4 is supported as a UE capability, other UE capabilities are FFS 
· FFS if UE is allowed to report less than M x L beams 
· The values of M and L are configured to the UE in the reporting configuration 
· FFS: The following configurability is introduced in the report configuration
· 1) Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
· 2) at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency 
Agreement
For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at least Alt 1 is supported:
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability
FFS: signalling details for TCI state activation
FFS: For Alt 1, whether/how TCI state activation for candidate cell(s) is allowed
Note: If scenarios 1 and 3 are to be supported other beam indication/TCI activation timing relationships are not precluded.

Agreement
· RRC parameter ss-PBCH-BlockPower for candidate cells is included in the LTM configuration.
· UE needs the parameter to (at least) perform RACH towards candidate cells
· Note: how to capture this parameter and RRC structure are up to RAN2

Agreement
· Companies are encouraged to study the beam application time for Rel-18 LTM, which may be different from that without serving cell change
· Definition of the beam application time
· The exact value(s), condition and UE capability
· Consider the interaction with the application of the candidate RRC configuration.

Conclusion
· Whether active DL and UL BWP of the target Cell/SpCell field, within the cell switch command, is always present or not is left to RAN2 decision.

Working Assumption
On the presence of beam indication within cell switch command, at least for scenario 2, following is supported:
· A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.
Note: If scenarios 1 and 3 are agreed to be supported in R18 LTM other solutions may be considered.

Agreement
· Periodic and semi-persistent report on PUCCH are also supported for gNB scheduled L1-measurement reporting.

Agreement
· Send an LS to RAN2,3,4 on the RAN1 agreements in this meeting
· All agreements in AI 9.10.1 and 9.10.2 in RAN1#112bis-e are included
· The following contents are included in the LS
· RAN1 has made the following agreement in RAN1#112bis-e
· Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported) ,
· Alt. 1: By indicating RS identifier, i.e. mapping between RS identifier and Rel-17 unified TCI state is done by a UE
· Alt. 2: By indicating Rel-17 TCI state index
· This agreement implies that the source cell must be provided with information so that the source cell can send a Rel-17 TCI state index of the target/candidate cell(s) to the UE even when source cell and target/candidate cell(s) belong to different DUs. RAN1 respectfully asks RAN3 to perform any necessary specification work to support this functionality.

Agreement
Draft LS R1-2304275 is endorsed in principle.
Agreement
Fina LS R1-2304276 is endorsed.



2. [bookmark: _Hlk110089543][bookmark: _Hlk525732985][bookmark: _Hlk100679068]Dynamic Switch Among Candidate Cells
To align the SpCell/CG update time at both sides, the application time for the update command should be specified as well. In addition, the application time can be differentiated for previously activated and deactivated new SpCell/CG.

[bookmark: _Hlk118039088]Proposal 1: Application time should be specified for the SpCell/CG update command
· Application time can be different for previously activated and deactivated new SpCell/CG
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Figure 1: Application time of SpCell/CG update command
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Figure 2: SpCell update command triggered beam management
In R17 efficient SCell activation, SCell activation MAC-CE can also trigger A-TRS to reduce SCell activation latency. Similar concept can be extended to L1/L2 mobility. Specifically, the SpCell update command can also trigger TRS and beam management to reduce TCI state activation latency and beam refinement latency, respectively, especially when the new SpCell is previously deactivated. As for the triggered beam management, it can be for gNB and/or UE side beam refinement. 
[bookmark: _Hlk134720364]Proposal 2: To reduce TRS tracking and beam refinement latency after SpCell update, SpCell update command can also trigger TRS or beam refinement
3. L1 Measurement & Reporting for Cell Update
In RAN1 #110-bis-e, it is decided to further study whether CSI-RS based L1 measurement is supported and, if so, which type(s) should be supported. In our view, CSI-RS for tracking and beam management are critical to acquire time/frequency offset and beam refinement, which involve continuous tracking/maintenance. Therefore, they should be supported for both L1 intra/inter-frequency measurements. 
Proposal 3: For CSI-RS based L1 measurement for candidate cell, support CSI-RS for tracking and beam management for both L1 intra/inter-frequency measurements
As agreed in RAN1 #112be, each L1 report will contain L cells with M beams per cell. To reduce the report overhead, legacy differential report of L1-RSRP across multiple reported beams can be supported. In the context of LTM, the reported contents per cell can be concatenated from 1st reported cell to L-th reported cell. The reported contents per cell can include cell ID followed by each pair of {SSB ID and L1-RSRP} per reported beam. The differential report is achieved by the ordering of reported cells such that the 1st reported beam of the 1st reported cell is the strongest among all reported beams across all reported cells and has absolute L1-RSRP value. All the remaining reported beams across all reported cells have differential L1-RSRP values with respect to the strongest L1-RSRP value.

Proposal 4: For L1-RSRP report, support differential report of L1-RSRP across multiple reported beams 
· The reported contents per cell are concatenated cell by cell
· The reported contents per cell includes cell ID followed by {SSB ID and L1-RSRP} per reported beam
· The first reported beam of the first reported cell is the strongest and has absolute L1-RSRP value
· All the remaining reported beams across all reported cells have differential L1-RSRP values w.r.t the strongest L1-RSRP value

In RAN2 #109e, it has been agreed to use L1 measurement to trigger L1/L2 mobility. In case of large number of candidate cells for measurement, the corresponding reporting overhead and UL interference may not be negligible. To reduce the overhead, interference, and UE power consumption due to the L1 measurement reporting, it would be beneficial to consider event-triggered L1 report, which can be carried in MAC-CE to reduce reserved resource. 

Proposal 5: Support event triggered report for candidate cells for LTM
· The report can be carried in MAC-CE, similar to existing event triggered L2 report

For the triggering condition, at least Event A3 for L3 report can be considered as starting point, e.g. candidate cell becomes amount of offset better than SpCell. Therefore, the report is sent only when the candidate cell has sufficiently good quality compared with the current SpCell. 

Proposal 6: For event triggered report, at least a triggering condition similar to Event A3 for L3 report can be considered as starting point, e.g. candidate cell becomes amount of offset better than SpCell
For the metric computing the triggering condition, L1 cell-level metric can be introduced per candidate cell, e.g. as linear average of X best beams of the candidate cell. Compared with directly using best beam quality per candidate cell, this may save the overhead by reporting only when the candidate cell has sufficiently good cell-level metric to reduce the potential ping-pong handover effect, which should be minimized especially if the cell switch latency in L1/L2 mobility is much longer than the beam switch latency in R17 ICBM. 

Proposal 7: For event triggered report, L1 cell-level metric can be used to quantify the quality per cell considered in the triggering condition
· L1 cell-level metric can be linear average of Y>1 best beams per cell, e.g. Y=2 or 3

In case of large number of candidate cells to be measured, UE may only be capable of simultaneously measuring a subset of them. To save reconfiguration latency, different subsets of L1 measurement report can be activated at different times, instead of using RRC reconfiguration each time. To further increase measurement/reporting flexibility, the activation MAC-CE can also update the config per L1 report, e.g. reporting periodicity, SSBs to be measured, etc.

Proposal 8: Support MAC-CE activation of L1 report for a set of PCIs
· Related measurement/reporting config may also be updated by the MAC-CE

[bookmark: _Hlk118039427]In R17, measurement relaxation has been introduced for BFD/RLM such that UE does not need to measure the corresponding RSs if it is near the cell center or has low mobility. Similar concept can be extended to the event triggered report for LTM, where UE does not need to track the L1 measurement RS for candidate cells to save power at least when the serving cell quality is above a threshold.

Proposal 9: For event tiggered report, UE is not required to perform L1 measurements on candidate cell(s) if the serving cell quality is above a threshold value
To minimize cell switch latency, time-consuming L1 procedures can be performed before cell switch command. One of such L1 procedures can be the DL Rx timing acquisition, which can be achieved by tracking the earliest arrival time of SSBs from a candidate cell. The measurement can be performed by the UE. However, UE may have limited capability on maximum number of candidate cells to maintain the corresponding DL Rx timings. Therefore, NW should indicate a subset of promising candidate cell(s) based on their L1 report for UE to maintain corresponding DL Rx timing(s), subject to the UE capability.  

[bookmark: _Hlk130372297]Proposal 10: Support NW to indicate candidate cell(s) for UE to maintain corresponding DL Rx timing(s)
· Maximum number of candidate cell(s) to maintain the DL Rx timing can be up to UE capability

In case that the new cell supports mTRP operation, the mTRP can be enabled right after the cell switch to maintain good throughput and reliability. One major latency reduction factor is the group-based beam report to identify a best beam pair for simultaneous Rx/Tx. To save the corresponding latency, the group-based beam report can be enabled for promising candidate cells based on their L1 measurement results. The corresponding identified TCI states can be indicated in the cell switch command to facilitate the mTRP operation on the new cell.

[bookmark: _Hlk130372308]Proposal 11: To facilitate mTRP operation on the new cell, R17 group-based beam report can be extended to LTM to identify a group of simultaneously receivable DL beams for a candidate cell
· Two CMR resource sets can be configured with each set including RS configured for LTM L1 measurement
4. Beam Indication for Updated Cell
One remaining issue in RAN1 #111 is whether to support the scenario that at least one of the source and target cells can only support R15 TCI framework. In our view, it would be beneficial to only consider R17 unified TCI framework, since R15 TCI framework is inefficient in terms of beam indication due to separate beam indication mechanism per individual channel/RS. In addition, only R17 unified TCI framework is considered as beam indication scheme in R17 ICBM. Similar principle can be extended to LTM to simplify the discussion/design while maintaining all essential beam indication functionalities. 

Proposal 12: On the TCI framework for LTM, R15 TCI framework is not supported
As agreed in RAN1 #112be, the TCI state can be activated for a candidate cell if this candidate cell is selected as a target cell with the activated TCI state indicated in the cell switch command. As for the TCI state activation command, a new MAC-CE can be introduced with format similar to legacy TCI state activation MAC-CE.

Proposal 13: For TCI state activation for a candidate cell, support NW to inform the activated TCI state ID(s) of the candidate cell via a new MAC-CE
In R17 unified TCI, the indicated/activated TCI state in DCI/MAC-CE can be applied to multiple CCs in the same CC list to save the TCI indication overhead. The same mechanism can be extended to LTM, where the indicated TCI state in the cell switch command can be applied to multiple new cells in the same CC list. For example, if TCI state is indicated for a first new cell, the other new cells in the same CC list as the first new cell can use the same indicated TCI state without the need for individual TCI indication. 

Proposal 14: For the beam indication together with the cell switch command, support that the same indicated TCI state can be applied to multiple new cells in the same CC list
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Figure 3: Target DU may not know the beam indication for initial message due to long inter-DU latency
Another issue for beam indication is that in case of inter-DU HO, the source DU can send the beam indication for the new cell in the cell switch command as agreed before. However, if the source DU starts informing the target DU about the beam indication upon the cell switch command is sent, the target DU may need long latency to receive it due to large inter-DU delay, which could be tens of ms. Before that, the target DU may not be able to schedule the initial message with the UE due to lack of knowledge of beam indication. This may defeat the purpose of fast cell switch. Therefore, it would be beneficial to investigate this issue. 

[bookmark: _Hlk131355252]Proposal 15: In case of inter-DU LTM, study mechanism to reduce the latency for target DU to prepare the indicated beam after the cell switch command is sent
5. Conclusion
[bookmark: _Hlk83741726]In this contribution we discussed L1 enhancements for inter-cell beam management, including L1 measurement and reporting, beam indication, and dynamic switch mechanism among candidate serving cells. Below is the summary of the corresponding proposals.
Proposal 1: Application time should be specified for the SpCell/CG update command
· Application time can be different for previously activated and deactivated new SpCell/CG

Proposal 2: To reduce TRS tracking and beam refinement latency after SpCell update, SpCell update command can also trigger TRS or beam refinement
Proposal 3: For CSI-RS based L1 measurement for candidate cell, support CSI-RS for tracking and beam management for both L1 intra/inter-frequency measurements
Proposal 4: For L1-RSRP report, support differential report of L1-RSRP across multiple reported beams 
· The reported contents per cell are concatenated cell by cell
· The reported contents per cell includes cell ID followed by {SSB ID and L1-RSRP} per reported beam
· The first reported beam of the first reported cell is the strongest and has absolute L1-RSRP value
· All the remaining reported beams across all reported cells have differential L1-RSRP values w.r.t the strongest L1-RSRP value

Proposal 5: Support event triggered report for candidate cells for LTM
· The report can be carried in MAC-CE, similar to existing event triggered L2 report

Proposal 6: For event triggered report, at least a triggering condition similar to Event A3 for L3 report can be considered as starting point, e.g. candidate cell becomes amount of offset better than SpCell
Proposal 7: For event triggered report, L1 cell-level metric can be used to quantify the quality per cell considered in the triggering condition
· L1 cell-level metric can be linear average of Y>1 best beams per cell, e.g. Y=2 or 3

Proposal 8: Support MAC-CE activation of L1 report for a set of PCIs
· Related measurement/reporting config may also be updated by the MAC-CE

Proposal 9: For event tiggered report, UE is not required to perform L1 measurements on candidate cell(s) if the serving cell quality is above a threshold value
Proposal 10: Support NW to indicate candidate cell(s) for UE to maintain corresponding DL Rx timing(s)
· Maximum number of candidate cell(s) to maintain the DL Rx timing can be up to UE capability

Proposal 11: To facilitate mTRP operation on the new cell, R17 group-based beam report can be extended to LTM to identify a group of simultaneously receivable DL beams for a candidate cell
· Two CMR resource sets can be configured with each set including RS configured for LTM L1 measurement

Proposal 12: On the TCI framework for LTM, R15 TCI framework is not supported
Proposal 13: For TCI state activation for a candidate cell, support NW to inform the activated TCI state ID(s) of the candidate cell via a new MAC-CE
Proposal 14: For the beam indication together with the cell switch command, support that the same indicated TCI state can be applied to multiple new cells in the same CC list
Proposal 15: In case of inter-DU LTM, study mechanism to reduce the latency for target DU to prepare the indicated beam after the cell switch command is sent
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